Sepsis was induced by the administration of live E coli (1,5*109 micro-organisms/kg over 30 min) serotype 5044552. This dose of the strain used in our study produced hypotension, decreased systemic vascular resistance, increased pulmonary vascular resistance, leukopenia, thrombocytopenia, hyperlactacidemia, and hypoxemia, as previously reported.20 Sepsis in sheep is accompanied by acute lung injury,2' and it has been reported that hypoxia impairs nitric oxide synthesis.22 Therefore, to avoid severe hypoxemia that could alter nitric oxide synthesis by itself, we maintained FIo2 of 1 throughout the experiment. Normal saline solution (0.9 percent) was administered at a rate of 15 ml/kg/h during the experiment. The different interventions in the septic group were evaluated 1 h after the administration of E coli was started.
The vasoconstrictor response to catecholamines was evaluated by administering a continuous infusion of noradrenaline. After measuring baseline hemodynamic parameters, an infusion of noradrenaline at three different doses (0.5, 1.5, and 4.5 ,ug/kg-l/ min-i) was administered. At each different dose, cardiovascular parameters were measured at the moment at which maximal blood pressure change was attained. The response to noradrenaline was studied in four different groups of sheep, as follows: (1) Group A (n=6), nonseptic sheep received noradrenaline as described above, 75 min after instrumentation; (2) Group B (n=4), nonseptic sheep received LNNA (100 mg/kg-i IV bolus) 60 min after instrumentation. Fifteen minutes after LNNA, an infusion of noradrenaline was started as in group A; (3) Group C (n=5), septic sheep were given noradrenaline 75 min after starting the infusion of E coli; and (4) Group D (n=7), septic sheep received LNNA (100 mg/kg-I IV bolus) 1 h after starting the infusion of E coli, and 15 min later the infusion of noradrenaline was started. This study was performed with our local Animal Care Committee approval. The pressure and systemic and pulmonary vascular resistance. There was also a decrease in oxygen consumption and oxygen extraction ratio (Eo2), whereas oxygen delivery tended to increase but the change did not reach statistical significance (Table 1) .
In nonseptic sheep pretreated with LNNA, noradrenaline induced an increase in blood pressure. Pulmonary artery pressure, systemic and pulmonary vascular resistance, cardiac index, and oxygen delivery did not change significantly. The Eo2 decreased ( Table 1) .
The administration of noradrenaline to septic sheep resulted in a significant increase in blood pressure. Systemic vascular resistance, pulmonary artery pressure, and pulmonary vascular resistance, however, did not change significantly. Changes in Vo2, and oxygen extraction ratio, and SvO2 were significantly different from those in nonseptic sheep (Table 1) . Septic sheep pretreated with LNNA showed an increase in blood pressure and SVR that was significantly more marked than that induced in septic sheep not receiving LNNA, and very similar to that observed in nonseptic sheep (Fig 1) Kilbourn et al found that the increase in blood pressure after N-monomethyl-L arginine administration was relatively small in control dogs, whereas it was greatly potentiated in animals treated with endotoxin'5 or TNF,'6 suggesting that hypotension in sepsis is mediated by excessive nitric oxide synthesis. On the contrary, we reported that the vasoconstrictor effects of LNNA in septic sheep were significantly less marked as compared with that of nonseptic animals.20 Although these findings contrast with those previously reported,'5"6 they are still compatible with an increased release of nitric oxide in sepsis. Differences in the models used (endotoxin or TNF-induced vs live E coli-induced) could also account for some of the discrepancies. It could also be possible that there are other vasodilators that cannot be inhibited by L-arginine analogues, or that LNNA inhibits more efficiently the constitutive form of the enzyme nitric oxide synthase than the inducible form. In fact, recent reports suggest that other vasodilator mechanisms, such as those involving the ATP-sensitive potassium channels, could be more relevant for the hypotension of sepsis than nitric oxide itself.30
Responses to Noradrenaline
In nonseptic sheep noradrenaline induced systemic and pulmonary vasoconstriction. The decrease in Vo2 and Eo2 suggests that this vasoconstriction limits systemic oxygen uptake. In nonseptic sheep pretreated with LNNA, noradrenaline induced increases in blood pressure, but systemic and pulmonary vascular resistance did not rise further, probably from the LNNA-induced vasoconstriction already present.
In septic sheep, noradrenaline evoked a significant increase in blood pressure, although systemic and pulmonary vascular resistance did not vary. These findings indicate a depressed reactivity to pressor agents in sepsis, as it has previously been reported in y-sponsiveness in septic tissues. 37 Other mechanisms proposed include a decrease in the number of alpha receptors. 38 The response to other nonreceptor-mediated agonists, such as potassium chloride, however, is also diminished.3940 Recently, an increased synthesis of nitric oxide has been involved in the vascular hyporesponsiveness of sepsis. 4' Previous in vitro studies have provided considerable experimental evidence supporting the concept that the endothelium exerts a breaking effect on the contractile response of normal vessels by releasing nitric oxide.42 '43 There is also in vitro evidence that nitric oxide may mediate the depressed vascular reactivity of endotoxin-treated vessels or vessels from septic animals. The contractile response of aortic rings from septic rats was partially restored by denuding the aortic rings of endothelium.44 Inhibition of nitric oxide synthesis also improved the responsiveness to noradrenaline of aorta from endotoxin-treated rats, and this effect was observed also in endothelium-denuded vessels, suggesting that depressed vascular reactivity is the result of the release of nitric oxide from a nonendothelial source. We found that the depressed vascular responsiveness of septic sheep to noradrenaline improved by pretreatment with LNNA. This improvement is shown by a statistically significant increase in systemic vascular resistance in septic sheep pretreated with LNNA whereas the change was not significant in those that did not receive LNNA (Fig 1) . Furthermore, there was a statistically significant influence of pretreatment with LNNA on the effects of noradrenaline for blood pressure and systemic vascular resistance. Therefore, the differences observed cannot be explained by a baseline shift in blood pressure and systemic vascular resistance due to the pressor effects of pretreatment with LNNA. The dose-response curve of systemic vascular resistance to noradrenaline was indistinguishable from that of control sheep. It can be argued that in our model of sepsis, 1 h after starting the administration of live E coli, the induction of nitric oxide synthase has not taken place. Certainly, the induction of nitric oxide synthase requires several hours, according to in vitro experiments. Endothelial cells released nitric oxide only after 8 h of exposure to monokines in the presence of endotoxin.53 In cultured vascular smooth muscle cells, an L-arginine-dependent increase in cyclic GMP occurred after 6 h of exposure to IL-1.14 However, TNF-induced hypotension appeared only 20 min after its administration and was reversed by the administration of monomethyl-L-arginine,16 suggesting that TNF stimulates an early nitric oxide release. Furthermore, it has been shown that endotoxin-stimulated macrophages were able to inhibit phenilephrine-induced contractions in excised rabbit carotids after as little as 1 h of incubation. 54 The presence of endothelium partially protected carotid contractility from depression by activated macrophages. Furthermore, addition of an inhibitor of nitric oxide synthesis prevented this depression in arteries with and without endothelium. Synergy between the different inflammatory mediators might account for the discrepancy found in in vivo and in vitro experiments. Moreover, it has been suggested that smooth muscle cells possess both the inducible and constitutive nitric oxide synthases, the latter being involved in the immediate formation of nitric oxide and the former induced subsequently. 55 In summary, our findings indicate that the depressed vascular reactivity in a large animal model of sepsis can be greatly restored by the administration of LNNA, an inhibitor of nitric oxide synthesis. This study expands previous in vitro evidence supporting the concept that an excessive release of nitric oxide contributes to the the vascular hyporesponsiveness of sepsis. The complex mechanisms that regulate the interaction between the sympathetic and nitric oxide systems in sepsis remain to be elucidated. Ther 1986; 237:529-38 
